Introduction
Pilonidal sinus (PNS) is chronic inflammatory process of the skin in the cleavage between the buttocks (natal cleft). It is caused by keratin plug and debris clinically observed as a pit, having penetrated the dermis (1) . The term pilonidal comes from a combination of Latin words meaning hair (pilus) and nest (nidal). PNS was first described by Hodges in 1880 (2) .
PNS occurs ten times more often in men than in women (3) . This may be attributed to the presence of more hair in men than in women. PNS usually occurs after puberty (4) . PNS is more likely to occur in obese people and in those with thick, stiff body hair. Although the upper natal cleft is the most common site (Figure 1 ), PNS may occur in other sites especially where there is irregularity of skin surface with pressure applied to that region (5) . The same condition can be seen in the clefts between fingers in those persons dealing with hair such as barbers and hairdressers (6, 7) . It has been reported in other areas such as the umbilicus (8) (9) (10) , the interdigital spaces of the foot (11) , the finger pulp (12) , the clitoris (13, 14) , penis (15) (16) (17) , the intermammary (18) , the periungual (19) and the perineal regions (20) .
Clinical picture

Etiology
The origin of the problem is not well understood. In the past, PNS was thought to be a congenital condition. However, there is nearly a consensus that it is an acquired condition. PNS has high incidence in certain communities which can be explained by the different hair distribution and its growth pattern. The condition is less common in Asians and Africans than in Caucasians (21) . Nevertheless, most of the investigators suggest the acquired theory of PNS. Certain factors may be in favor of the occurrence of PNS. These factors are hormonal, presence of hair, friction, sitting or driving for long periods and infection. The risk factors of PNS were found in one study to be sedentary occupation (44%), positive family history (38%), obesity (50%) and local irritation or trauma prior to onset of symptoms (34%) (4). Akinci et al have studied the incidence of certain etiological factors in soldiers with and without PNS. They found that family history; obesity; being the driver of a vehicle; and having folliculitis or a furuncle can be associated with the presence of PNS (22) . Harlak et al have suggested that hairy people who sit down for more than six hours a day and those who take a bath two or less times per week have an increased risk for PNS than those without these risk factors (23) .
Hormonal factor was thought to be one of the factors that can play a role in the etiology of PNS. At puberty, androgens are secreted to enhance the development of the pilo-sebaceous glands, which coincides with the onset of PNS (24) . The early presentation of PNS is the visible pit in the midline of the natal cleft. This is actually the microscopic appearance of enlarged hair follicles. The weight of the buttocks can cause stretching of the follicular openings (25) . It is explained by relatively high force of buttocks' weight applied over very small area of pilo-sebaceous follicle (about 1 mm²), over the sacro-coccygeal joint. All the movements and sitting for long time can amplify the force applied to this area. When the force applied reaches a critical level, this can cause rupture of the follicle base; the weakest part. The friction between buttocks is another factor added to this force which can help for sucking keratin and hair into the distended follicles.
It has been postulated for long time that hair follicles were the source of PNS (25) . Recently, studies have found that the specimens of excised lesions had the pits penetrating into the dermis but not all of them arose in hair follicles (26) . Nevertheless, the hair has an important role in the development of inflammation. Sorts of treatments directed against hair follicles gave very good therapeutic effects.
Patho-physiology
In 1992, Karydkis has explained the patho-physiology of the PNS as an acquired condition. He called it "The hair insertion process". It consists of three main factors; the loose hair, the presence of vacuum force and the vulnerability of the skin (27) . The entering hair causes an inflammatory foreign body reaction which can lead to the formation of multiple microabscesses. Eventually, that migrates further into the subcutaneous tissue forming a sinus which might complicate by abscess formation or creating more sinus tracts that open laterally forming fistulous tracts. However, during the surgical operations, only 50-70% of PNS had actually been found to contain hair (1, 28).
Symptoms and signs
Symptoms of PNS vary from a small asymptomatic dimple to a huge painful abscess with oozing pus (29) . Early lesion appears as a pit or dimple which may be asymptomatic for the patient. However, PNS can cause discomfort and pain. Severe acute pain with or without a purulent discharge may be the presentation when an abscess is formed. Suppuration is very annoying to the patients causing staining of the underwear with unpleasant smell.
Chronic pain is the usual presentation of the chronic and complicated cases. Discharge, fistulae and disfiguring scarring can be seen in the neglected cases (4). On clinical examination, single or multiple sinuses can be seen. Discharge, debris and hair are seen arising from the sinus (Figure 1 ). Recurrent lesion is a common feature even after complete and wide surgical excision of PNS (Figure 2 ). Surgical treatment and recurrence lead to permanent scarring ( Figure 3 ).
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PNS complications
Abscess formation is the most common complication of PNS. Recurrence rate of PNS ( Figures 2 and 3 ) is very high whatever the sort of management (30) . Chronicity of PNS can develop if the drainage at the abscess stage is not adequate. Development of fistulae is common due to repeated infection with suppuration with subsequent scarring (Figure 3 ). Systemic infection is a rare complication. Severe pyomyositis caused by methicillin-sensitive Staphylococcus aureus was reported secondary to an operated PNS in an apparently healthy young male patient (31) . Moreover, septic arthritis was reported in a patient with rheumatoid arthritis after the resection of PNS (32) . Although Actinomycosis associated with PNS of the penis is extremely rare, few cases have been reported (16, 17, 33) . Neglected PNS can lead to unusual and life-threatening consequences. Necrotizing fasciitis and toxic shock syndrome have been developed in a previously healthy patient (34) .
PNS rarely develops malignant changes (26, 35) . If it happens, squamous cell carcinoma is the most common presentation (26, 36) . Malignant changes usually occur in young men on very long standing antecedent recalcitrant PNS. Malignant changes of a chronic wound have worse prognosis than skin malignancy arising de novo (37) . Although malignant change of PNS is rare, it carries bad prognosis.
Pathology
The pathological findings occurred in PNS were thought to be mainly due to the hair entry and its subsequent changes. The enlargement of follicles precedes the presence of hair inside the developed PNS (25) . Being a foreign body inside PNS, hair is the main cause of the inflammatory reaction with subsequent edema, distension and obstruction of the pilosebaceous follicle. Infection can cause suppuration leading to abscess formation. If the patient is not probably treated, a chronic abscess will develop. Both aerobe and anaerobe can be detected in PNS (38, 39) . The tissue can form a track to drain the abscess leading to sinus. Recurrence is a main feature of this condition. PNS rarely develops malignant changes (26, 35) .
The histologic examination of PNS revealed the presence of chronic inflammation surrounding a sinus in the sub-cutaneous tissue. Hair in sinuses was found in three quarters of the specimens examined. Examination showed that hair entered via one of the created sinus openings. Pits were found to be indentations of the skin containing keratin plugs and debris. They may be isolated or connected with hair follicles (1).
Laboratory studies
The diagnosis of PNS is easy and depends mainly on clinical inspection and localization of the lesion. No specific laboratory tests are needed to confirm the diagnosis. Swab from oozing pus in acute abscess may be needed to do bacterial culture and antibiotic sensitivity. Excisional biopsy and histo-pathologic examination can be carried out for neglected cases and when malignancy is suspected.
Surgical management of PNS
Patients with mild form of PNS with no marked symptoms need no surgical intervention at this stage (26) but proper hygiene and hair removal are needed to prevent inflammation and complications. There are many types of surgical interventions to treat PNS (40) (41) (42) (43) (44) (45) (46) (47) . Nevertheless, all forms of surgical management have a significant failure rate, with a high incidence of recurrence (30) . No single surgical technique can be relied upon to prevent recurrence (5) . Different modalities of surgery have been used, but they often result in recurrence, and additional surgery is needed (30, 40) . Conservative methods have been applied to treat PNS. The most commonly used conservative treatment is injecting phenol as a sclerosing agent (48 -50) .
The choice of the surgical intervention depends on the severity of signs and symptoms, being primary or recurrent and presence or absence of complications. If the patient presents with an abscess, primary incision and drainage of purulent discharge should be performed to relief symptoms. Complete drainage of the discharge with curettage to remove debris and infected tissue is important to improve the rate of healing (43) . The application of plateletderived growth factors to the post-operative PNS wound enhanced the healing process (51). Systemic antibiotics have been found to improve the healing rate after surgical excision (52) . Otherwise, surgical excision of PNS may be followed by either primary closure or closure by secondary intention. Surgical unroofing of primary PNS gave a shorter time to heal and carried a lower complication rate compared to wide local excision (53) . Recently, it is advocated to do surgical excision with primary closure (54) .
Whatever the sort of management and surgical procedure in treating PNS, the recurrence rate is high (41) (42) (43) . Reconstructive surgical procedures after excision of the PNS can be performed in cases of failure of the classic excision and for complex or complicated PNS (55-59).
ND:YAG laser in management of PNS
Role of Laser hair removal (LHR)
Management of PNS should be directed to treat the underlying etiological factors. Cubukcu et al had found that obese patients with high body mass index had a higher risk of recurrence of PNS after surgical intervention (60) . Nevertheless, Cubukcu et al in another study have found that obesity alone is not an important factor in the etiology of PNS (61) . Moreover, the presence of the hair seems to be the most important triggering factor in the pathogenesis and recurrence of PNS. By different ways of approach, many studies have confirmed the role of hair in the evolution and inflammation of PNS. Karydakis has concluded that hair insertion is the cause of PNS, and it prevents spontaneous recovery and delays healing of any wound in the depth of the natal cleft. He stated that hair is the cause of recurrence (27) . Moreover, removal of hair can prevent further inflammation, progression and recurrence of PNS (62 -64) . As a conclusion of the extensive research carried out on the different types of PNS, management objectives should be directed not only at eradicating the obvious lesion present but also to prevent recurrence through managing the etiological factors. The re-accumulation or re-growth of hair may be the most important factors in the development of inflamed PNS (5). Odili and Gault have concluded that Laser hair removal (LHR) in the natal cleft is by no means a cure for PNS. Removal of hair by laser represents an alternative and effective method of hair removal. They have studied the effect of laser on the healing process of PNS. LHR was found to allow the PNS to heal rapidly. Odili and Gault have stated that LHR should thus be considered as an aid to an effective healing tool of the problem (65) . As a matter of fact, removal of the hair in the natal cleft can prevent inflammation and recurrence of PNS. Nevertheless, regular razor epilation of hair increased the recurrence rate of PNS (66) . Razor hair epilation can insert hair into skin and thus, it can aid in PNS recurrence and inflammation. Because LHR was found to be an effective adjunct in preventing the recurrence of PNS, many investigators suggested that LHR should be offered routinely to all patients (63, 64, 67 -69) . In a case report, a patient with recurrent PNS was satisfactorily treated by LHR using a ruby laser. The follow up period was 6 months (70). It is well documented now that eliminating the hair of the affected area could be a new approach to the treatment of patients with PNS. Six young men having PNS in a s t u d y d o n e b y L a n d a e t a l h a v e a l s o b e e n t r e a t e d b y L H R . N o n e o f t h o s e p a t i e n t s experienced recurrence of PNS. Landa et al have concluded that LHR of the natal cleft should be considered a first choice treatment for recurrent PNS. Preventive LHR of the natal cleft in patients with recurrent folliculitis could avoid future surgery (71). Benedetto and Lewis have treated two patients with recalcitrant PNS by LHR using diode laser (72).
Advantages of Nd:YAG LHR
The destruction of hair follicles by laser is very efficient and popular method worldwide. Different types of laser and non-laser machines are used remove hair permanently (73), namely; normal mode ruby laser (694 nm), normal mode alexandrite laser (755 nm), diode lasers (800, 810 nm), Nd:YAG laser (1,064 nm), and intense pulsed light (IPL) sources (590-www.intechopen.com 1,200 nm). Moreover, Nd:YAG laser has peculiar advantages over the other devices. Nd:YAG laser was superior in hair reduction than Diode laser and it provided higher patient satisfaction (74) . The wave-length of Nd:YAG-laser is 1064 nm. Consequently, the penetration of the laser beam through the skin is deeper than the other known lasers targeting the melanin and thus, it can treat the hair follicles which are present in the deeper part of skin. Because of its deeper penetration, it can reach also the base of PNS.
As general potential side effects, all laser types can potentially cause scarring, hypo, or hyperpigmentation especially in dark skin types. The risk of skin types V and VI to get either hypo-or hyper-pigmentation following laser treatment is very high. Nevertheless, this risk is very low with Nd:YAG laser. Nd:YAG laser can be used to treat all skin types with less risk of discoloration. Even skin type VI can be treated safely with this type of laser. Moreover, Nd:YAG laser has much less complications compared to other types of laser. Studies done by Goh (75) and Lanigan (76) have shown that Nd:YAG laser has been used successfully to treat abnormal hair in patients with skin types V and VI. In both studies, no risk of serious adverse side effects has been noted with the Nd:YAG laser (75, 76) . However, pain is the most prominent side effect of Nd:YAG laser (62, 75, 76) . Good cooling during treatment and proper choice of laser parameters can reduce the perception of pain.
Experience of Nd:YAG laser in PNS
We have carried out a study on twenty five patients to evaluate the effect of Nd:YAG LHR on the recurrence rate of PNS following surgical treatment. Fifteen of the patients have undergone LHR using Nd:YAG laser while ten patients did not have LHR during the study and follow-up period. All the twenty five patients underwent surgical excision to remove PNS prior to LHR sessions. None of the patients who performed LHR by Nd:YAG laser had shown recurrence of PNS during the study and follow-up period. Recurrence of PNS was seen in seven of those who had no LHR (62) . Pain was the most prominent side effect seen in our study as it was a complaint of six patients out of fifteen. Nevertheless, the pain did not affect the patients passively. Two thirds of the patients were either satisfied or highly satisfied. All patients appreciated the improvement of hair density to different degrees. The degree of improvement was correlated with the number of LHR sessions. Avoidance of further surgical intervention was achieved by the use of Nd:YAG laser.
Protocol of Nd:YAG LHR in treatment of PNS
Generally, it is preferable to do primary closure of the excised PNS wound to assure rapid healing and to minimize the post-operative pain. LHR can be started after complete wound healing. Before doing LHR treatment, the area to be treated should be shaved and cleaned with local non-irritant antiseptic cleanser. Usually, no topical anesthetic cream should be applied before Nd:YAG laser treatment. However, sensitive patient can use topical EMLA cream one hour prior to treatment. Hair removal by Nd:YAG (1064-nm wavelength) laser is carried out in its normal mode. The usual spot size of the laser beam used in hair removal is ranged between 10 to 15 mm. The spot size more than 15 mm can be more painful. The range of effective laser fluence depends on the used laser spot size. Fluence of 35 to 50 J/cm2 can be used with 10 mm spot size laser beam. Less fluence can be used for larger spot size. In case of dark skin types, it is advised to use longer laser pulse width than that used for lighter skin. Skin type VI needs pulse width of 35 -40 msec. or more. The laser treatment should be accompanied with a cooling method to alleviate the potential pain of laser. The cooling air is widely used and it is effective as well. It should be used during the whole laser treatment. The laser treatment is carried out on the area of natal cleft, extending at least 5 cm laterally in both sides, up to 5 cm above the PNS scar and down to the anal orifice. Larger area can be treated especially in hairy persons.
Mild to moderate erythema is seen immediately after treatment and it lasts few minutes up to few hours. Skin of the treated area becomes warm. Cooling of the skin is achieved by application of an ice-pack on the treated area immediately after treatment. Soothing gel and local antibiotic cream can be applied to reduce any unpleasant sensation and to avoid secondary infection. Non-infective folliculitis may be seen later on. If it happens, it lasts two to three days. Patients are examined clinically before each treatment in order to assess the degree of hair reduction, to exclude recurrence of PNS, to exclude any sign of infection, and to record any side effect. Treatments are usually performed at 6-to 8-week intervals. The intervals between sessions are becoming prolonged with advancement of treatment. That is because the hairs take more time to re-grow. Hair density in the treated area is becoming less with treatment and hair caliber is getting finer. Generally, the patients are requested to do session of LHR once they noticed regrowth of hairs. Fine hairs usually need more treatment sessions than coarse dark hairs.
Future treatment of PNS by Nd:YAG laser
Unpublished research has been carried out to evaluate the effect of Nd:YAG laser in treating the PNS itself without performing any surgical interventions. The underlying concept was to destroy the hairs inside the PNS itself in order to evaluate the subsequent effect on the inflamed PNS lesion. The preliminary results were very promising. The use of Nd:YAG laser can accelerate the healing of inflamed PNS. It helped in achieving marked improvement of mild to moderate lesions without carrying out surgical treatment. One of our treated patients had long history of unhealed post-operative wound which lasted few months. The unhealed wound showed rapid healing after Nd:YAG laser treatment. Other investigators have used Nd:YAG laser in the same way to treat PNS. Lindholt et al have succeeded in treating a case of PNS by Nd:YAG laser (77). Bashir and Kurwa have used the laser to destroy the hair within an active PNS in a 30-year-old white male patient, in order to remove the source of the foreign body reaction. They succeeded in treating the PNS which was finally healed (78) .
Studies have shown that Nd:YAG laser is a good tool in different therapeutic aspects. It is very effective in hair removal, treating vascular lesions, for skin rejuvenation and as surgical ablation device. No risk of serious adverse side effects has been noted with the Nd:YAG laser (75, 76) . Palesty et al have used it in pilonidal cystectomy. Patient postoperative satisfaction after laser excision was greater when compared with those who had traditional surgical excisions. Postoperative pain was less (79) . Excision of PNS by laser seems to be promising therapeutic modality in the management of this condition.
Conclusion
Treatment of PNS is important, not only to alleviate pain and to reduce inflammation, but also to avoid long term complications. Malignant transformation is one of the important fatal complications (80) m60). Although the Malignant degeneration of PNS is a rare complication, it is associated with a high recurrence rate and poor prognosis (81) m61). The management of both asymptomatic non-inflamed, recurrent and inflamed PNS can be directed towards removal of the hair in the area by Nd:YAG laser. It can be done before the surgical intervention and post-operative to prevent recurrence. PNS itself can be removed by Nd:YAG laser and thus, patients can avoid risk of surgical complications. Nd:YAG laser may be a hope for this benign yet troublesome condition.
